The aim of this article was to analyze the theories underpinning dental fear, anxiety and phobias. To be included, articles must have been published between the years of 1949 and 2013 concerning fears and phobias within dentistry and/or psychiatry. Of 200 articles originally under review, 140 were included and reviewed by the authors.Five specific pathways relating to dental fear and anxiety were identified; Cognitive Conditioning, Informative, Visual Vicarious, Verbal Threat, and Parental. Eight currently accepted management techniques across all dental disciplines for dental fear and anxiety were identified. Further research is required to identify clinical diagnosis and treatment for fears originating from different pathways.
INTRODUCTION
Odontophobia (dental fear) is a "unique phobia with special psychosomatic components that impact on the dental health of the odontophobic persons" [1] . For some individuals, dental fear may be so great that normal life is impaired. In these instances, the individual experiences fear or anxiety that is out of proportion to the actual danger present in the situation. This often leads to avoidance behavior, and clinically significant levels of distress or impaired functioning [2] . Such avoidance behavior is well known by any dentist who has treated patients with high levels of dental fear before. In Australia, people with higher levels of dental fear tend to avoid the dentist and have irregular attendance records, usually only seeking treatment when symptomatic [3, 4] . This data is consistent with other studies that noted that, although patients booked appointments, they did not keep their appointment or prematurely cancelled their appointments out of fear [5] [6] [7] [8] [9] [10] [11] [12] . The incidence of dental fear and anxiety appears to be relatively consistent throughout the world, with some sub-groups reporting higher levels than others. An Australian study reported that 16 .1% of individuals experienced high levels of dental fear, where adults between the ages of 40 and 64 years reported a higher incidence of dental fear, and females of any age were reportedly more afraid of the dentist than males were [4] . Of note, people from low socioeconomic status (SES) groups reported a generally higher level of dental fear than those individuals from high SES groups [4] . The reported incidence of high dental fear and anxiety was a little lower in an Icelandic study, at only 10% [11] , but slightly higher in a Singaporean population, at 17.1% [12] . A cross-cultural study of Chinese and Danish patients reported moderate to high dental fear in 30% of Chinese and 15% of Danish participants [10] . In 2009, a study of dental fear prevalence in 1959 Netherlands reported 24.3% of the participants had moderate to high dental fear [13] . Dental fear studies on German populations have reported a mean Dental Anxiety Score (DAS) of 8.6 [14] and a dental phobia incidence of 11% [15] . The highest prevalence of dental fear appears to be in Japan, where a study of 3041 students and adults reported that 42.1% had high dental fear [16] . The overall effect of dental fear and anxiety appears to be multifaceted, such that the individual not only avoids their dental appointments but also tends to have worse oral health [17] . The extent to which this is a causal relationship is unknown. An understanding of the factors underlying the etiology and maintenance of dental anxiety may assist dentists and researchers in developing interventions designed to reduce dental avoidance behaviors. In turn, this will contribute to improvements in oral health. Mehrstedt et al [18] (2004) noted that dental fears were negatively linked to quality of life with respect to psychological well-being, social functioning, and vitality. This finding indicates that the link between dental fear and perceived negative quality of life is multifaceted. Some early Scandinavian studies reported on the malicious circle of dental anxiety and fear, whereby fear and avoidance lead to premature cancellation of dental appointments and further worsening of oral health conditions [2, 6, 19, 20] . A qualitative study by Moore et al [21] (2004) reported on the contributing role that embarrassment plays in dental phobia. Among other things, these researchers analyzed the social powerlessness associated with the embarrassment that arises from poor oral health. In this study, the authors concluded that patients may be so embarrassed by their poor oral health/hygiene that they avoid seeing the dentist out of fear of being reproached [1, 21] . Understanding the extremely complex psychology of dental fear is essential in the prevention and treatment of dental anxiety, fear and phobias [21] . In order to understanding the extremely complex psychology of dental fear it is essential to understanding possible pathways of dental fear and anxiety. This study identified relevant studies using Medline Database (Medline/PubMed). The search covered the period 1900 to 2014, including only articles written in English. Search terms included "dental fear and anxiety," "cognitive," "informative," "verbal threat," "vicarious," "parental," and "origin of fear." A total of 300 references were retrieved from the database search. Only articles directly relating to the management, origin of fear, and dental fear theories were evaluated to understand the pathways of fear and anxiety in dentistry. Of the three hundred retrieved references, only 137 related to fear and anxiety in dentistry, however only 10 related specifically to origins of fear and anxiety in dentistry. The aim of this review is to highlight the possible pathways of fear and anxiety in dentistry and not to analysis the actual experience of fear and anxiety.
ETIOLOGY OF GENERAL FEAR AND

ANXIETY
Processes known to contribute to the etiology of dental fear and phobia include a variety of genetic, behavioral, and cognitive factors. An individual's dental fear/phobia is likely to have been created by involving a multitude of factors.
Genetic vulnerability
Individuals with specific phobias, including odontophobia, may have inherited genetic vulnerability factors that predispose them to anxiety in general or certain phobias specifically. While individuals with dental phobia do not directly inherit the phobia itself, genetic vulnerability factors may interact with other etiological elements that cause the phobia [22, 23] . Controversy over the reliability of phylogenetic origin of fear arises in relation to a study of 173 Swedish twins, which reported that whilst "phenotypic correlations were moderate," they were found to be counterintuitive to the electrophysical skin conductance response (SCR) [23] . In summary, it has been suggested that although genetics can predict some factors related to dental fear, it appears to be distally and not strongly related to the actual development of phobic symptom [24] [25] [26] .
Negative affectivity/anxiety vulnerability
Negative affectivity refers to a vulnerability to experiencing negative emotional states. Negative affectivity appears to be a stable personality trait that predisposes individuals to a range of psychological disorders, including phobias [27] . The relationship between negative affectivity and dental phobia has not yet been established.
Preparedness
Through the process of natural selection, individuals who readily acquired fear and avoidance responses to genuinely dangerous situations (e.g., dangerous animals, storms, heights, small spaces, etc.) have passed on this tendency to their progeny [28] . As such, the human species is "prepared" to more readily acquire fear reactions to stimuli that may have posed a genuine danger to our ancestors [28, 29] . Dental
Carter AE et al . Pathways of fear and anxiety phobia may be part of an evolutionarily beneficial tendency to protect the body envelope from intrusion by foreign (non-nutritional) objects.
Cognitive conditioning (pavlovian)
Classical (or pavlovian) conditioning refers to the process by which a previously neutral stimulus acquires the ability to directly elicit a response through pairing this stimulus with another unconditioned stimulus (US) that elicits the same response [30] [31] [32] [33] . For example, an individual who experiences a painful procedure (and the unconditioned response of anxiety/fear) during a dental visit may acquire a conditioned association between the dentist (the conditioned stimulus) and anxiety/fear (the conditioned response) [34] [35] [36] [37] . Re-presentation of the conditioned stimulus (the dentist or related stimuli) is then able to elicit the conditioned response of anxiety during the patient's next dental consultation.
Operant conditioning
Operant conditioning refers to a process whereby the frequency of a particular behavior ("operant") is modified through the consequences that follow the behavior. Certain behaviors may be "reinforced" (i.e., increased in frequency) through their association with positive consequences ("positive reinforcement") or through the removal of negative consequences ("negative reinforcement") [30, 34, 35, 38, 39] . Alternatively, behaviors may be "punished" (i.e., reduced in frequency) if they lead to negative consequences ("positive punishment") or the removal of positive consequences ("negative punishment") [38] . For phobias, the process of positive punishment (e.g., pain and anxiety that occurs during a visit to the dentist) and negative reinforcement (e.g., the reduction in anxiety that results when the individual avoids the dentist) are thought to be most important, and these comprise Mowrer's twofactor model of phobia acquisition and maintenance [40] .
Vicarious
In addition to direct contributors to phobia acquisition, Rachman [41] (1978) proposes that individuals may also acquire phobic responses indirectly. One such pathway has been called vicarious experience or vicarious conditioning. In vicarious conditioning, the individual acquires a fear response through seeing the fearful experience of others. In dental phobia, for example, a child who observes a fear response of a parent attending the dentist may learn indirectly that the situation poses a significant threat.
Verbal threat
Rachman [36] (1977) proposed a second indirect pathway to phobia acquisition referred to as "verbal transmission". In this process, the individual acquires a fear or phobia through learning about the dangerousness of a situation from others without observing it directly [36] . In dental phobia, for example, an individual may hear stories from others about traumatic or painful experiences that they have had during dental treatment, which may lead to a learned fear of dental procedures [42] .
Cognitive content
There are a range of cognitions that have been identified as important in the acquisition and maintenance of anxiety disorders, including specific phobias. These include a set of ideas about the probability (e.g., "If I go to the dentist it will definitely be painful") and severity (e.g., "If I go to the dentist the pain will be excruciating") of negative outcomes [43] . Additionally, individuals may hold beliefs about their inability to cope in the face of an aversive outcome (e.g., "If I am in pain at the dentist, it will be unbearable") [44] .
Cognitive biases
In addition to the content of cognition, phobias are associated with biases in the process of cognition [43] . For example, individuals with anxiety disorders such as phobias are known to have memory biases in which memories of threat-consistent experiences and information are more readily retrieved [45] . Although the link between cognitive bias and dental fear and anxiety is plausible, no research has yet been done to confirm this.
CURRENT KNOWLEDGE OF DENTAL FEAR: WHAT WE KNOW RIGHT NOW
Current literature on dental fear is limited relative to other fields. Specifically, most of our understanding surrounding dental fear is based on results from two metaanalyses; one of which focuses on adults, while the other on children and adolescents.
In a meta-analysis of 32 articles on dental behavior management problems, Klingberg et al [46] (2007) reported that children and adolescents were expected to experience mild fear and anxiety. This fear and anxiety only becomes a concern if it is "disproportionate to the actual threat and daily functioning becomes impaired", a definition very similar to the DSM-IV. However, this research also noted that the third criterion for dental phobia (recognition that the fear is unreasonable or excessive) does not always apply to children. This is a reasonable argument, as coping with pain and anxiety requires a high level of cognitive function and self-control that a young child might not have yet developed. However, one must attempt to separate general fearfulness (an anxietyrelated personality trait) from a specific fear because both are capable of presenting as an acute fear reaction (e.g., screaming at the sight of a drill). This distinction can be difficult to make if the parent-child relationship is synergistically inflating the dental fear. Research demonstrates that the dental fear of a child who is 8 years or younger is significantly related to the dental fear of the parent [47] . However, in children older than 8, the relationship is less clear. In addition, it was noted that girls presented as more anxious and harder to manage than boys, sup-porting the current accepted relationship between anxiety disorders and gender in children and adolescents [48] . However, particular fears changed as the child grew older, such that one-year-old had separation anxiety but primary school children had more social anxieties, demonstrating a positive development of metacognition. Also, younger children were more likely to have more fears of higher intensity. However, there is inconclusive evidence regarding the origin of fear among children and adolescents due to the gap in the literature examining this cohort. In their review, Klingberg et al (2007) did, however, agree on 3 distinct, yet commonly occurring causes for dental fear in children (not including neuropsychiatric disorders): (1) Some children's past "negative experiences with dental care" was the origin of their dental behavior management problems; (2) Other children were "genetically prone to react with fear…to threatening situations"; and (3) Other children still reacted to frustrating demands (e.g., sitting still) with anger [46] . The first represents direct trauma from treatment [36] , while the second and third are officially undefined at present and require further investigation. It must be noted that parental dental fear has an effect on the child' s dental fear [47, 49] . Making it an important part of the conceptualization of an individual's dental phobia.
With regard to adults, it is generally accepted that the patient developed fear either due to personal trauma from a dental treatment or because of some form of psychological disorder or constitutional vulnerability. Yet, few studies analyze the actual pathway or origin of fear adults experience with regard to dental fear. However, it is possible that some of these origins may apply directly to dental fear [50] (Figure 1 ). Originally Watson et al [33] (1920) and Rachman [41] (1978) purported that specific fears were condition-based, vicarious, or based on information learning. Between the 1920s and 1970s, these theories dominated the discipline of fear and anxiety management and diagnosis. In 1970, Seligman proposed that mankind is prepared by evolution to associate certain situations (previously encountered by ancestors) with particular outcomes, and thus the mind reacts to these situations by instigating fear (See Figure 1 : Preparedness framework) [51] . In 2001, Mineka et al [28, 52] suggested that the amygdala and hippocampus were responsible creating generalized fear responses. Analogous to this and supporting Seligman's theory, Poulton et al [53, 54] (2002) posited that evolutionarily associated fears can manifest without a stimulus. Among these theories, the associative and non-associative theories are the most distinctive. Menzies et al [55, 56] (1993a) first described the associative theory in relation to water phobia, where fears occur in response to a bad experience (CS), while non-associative fears are innate (US). In addition, Muris et al [57] posited that parental modeling contributes to the fearfulness found in children. Here, the trait anxiety was related to that of both parents (Mother: r = 0.34, P < 0.05, Father: r = 0.31, P < 0.05), but the act of being fearful was only related to mother's fearfulness (r = 0.56, P < 0.001) [57] . Klingberg et al [58] also supported the notion of maternal dental fear impacting the development of dental fear in children.
Of these theories, there are 5 pathways that are thought to specifically relate to dental fear and anxiety: Cognitive Conditioning, Vicarious, Verbal Threat, Informative, and Parental ( Figure 1 ). These five pathways are discussed further in this article but it is important to note that a single or a combination of background factors disused in the etiology of general fear and anxiety may affect these pathways.
Conditioning pathway
Conditioning is a process where the participant learns through personal experience that the event or stimulus heralds a detrimental outcome [50, 59] . Pioneers in early conditioning research Watson et al [60] (1917) who theorized that in infancy there are limited emotional reaction patterns (e.g., fear, rage, love) and that there must be some stimuli which are associated with these. Watson et al [33] (1920) then performed experimental work on an infant, analyzing directly conditioned emotional responses. Their results showed that the non-fear-inducing stimuli elicited a fearful emotional response when the fear-inducing and non-fear-inducing stimuli were shown together, and when the non-fear-inducing stimuli was shown on its own later [33] . In 1927, Pavlov [32] published his seminal paper on "Conditioned Reflexes," which perhaps represents the first in-depth and detailed experiment on the development of conditioning. Pavlov [32] identified that animals can learn to associate a conditioned stimuli with a new non-conditioned stimuli so that the non-conditioned stimuli causes a conditioned response. Here, the animals (dogs) began to associate food and salivating with the sound of a bell. Thus, anytime the bell sounded, the dogs salivated [32] . In a similar attempt to replicate physiological responses during fear, Rachman [41] (1978) then successfully demonstrated that physiological responses, such as sweating and increased heart rate, occur when individuals experience fear. Such responses are evident in odontophobic patients, where heart rate, breathing, and sweating all increase due to fear associated with dental environments and dental stimuli [19, [61] [62] [63] . In addition, many individuals report painful past experiences being the cause for their subsequent dental fear [44, [64] [65] [66] . Researchers [67] have indeed found a "strong direct relationship between severity of trauma-related symptomatology and severity of dental anxiety where the shared variance was 38%" [67] . Thus, it can be proposed that the majority of dental fears are reactions to stressful experiences that provoke anxiety in the individual [36, [68] [69] [70] . In summary, the conditioning pathway appears to be the most commonly utilized pathway by patients.
Informative pathway
The informative pathway is another indirect pathway for fear acquisition, which does not require the presence of an unconditioned stimulus. As far back as 1977, Rachman discussed the relevance of the informative pathway in so much as child-rearing involved information giving [36] . Rachman [36] noted that the instructional process of child rearing may lead to biases for commonly encountered fears. Such a dynamic could help explain childhood dental anxiety, where children learn to fear the dental environment from dental phobic elders, negative connotations advertised by media (e.g., television, movies), and friends with personal negative experiences.
Vicarious pathway
The vicarious pathway is an indirect pathway for fear acquisition that does not require the presence of an unconditioned stimulus. It has been acknowledged in the literature that people with extreme dental fear avoid the dentist [3, 4, 17, 33, [71] [72] [73] [74] [75] [76] [77] [78] . In a recent Australian study using Armfield's Index of Dental Anxiety and Fear (IDAF), it was found that participants who indicated extreme dental fear were marginally more likely not to undertake an oral examination, here females exhibited significantly higher dental fear than males [4, 71] . Whether this fear is purely conditioned or vicarious is not yet fully understood [76] . Conceivably, one of the most renowned contributions to the theory of "vicarious conditioning in phobia acquisition" [50] was by a pair of researchers [38, 52, 79] whose experiments provided convincing evidence that fear can be learned vicariously [36, 69, 80] . By utilizing this vicarious pathway, it is plausible to suggest that vicarious learning could be contributing to pediatric fears, whereby expressions of fear by elders at the dentist in front of children leads to fear acquisition in the children [81, 82] .
Verbal threat pathway
The verbal threat pathway presents another indirect pathway for fear acquisition that does not require the presence of an unconditioned stimulus. To explain the origin of a fear that is not seen or experienced, it is essential to understand the "emotion" of fear. Research [83] has suggested that emotions arise because of three factors: verbal cognition, behavior changes, and physiological states. This "emotion" is known as the "tripartite," and appears to govern onset and origin of fears generated by the verbal threat pathway [83] [84] [85] [86] [87] . Many articles examining the effects that "word of mouth" information has upon children and acquisition of fear [81, 82, [84] [85] [86] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] note that children become fearful of a stimulus or situation when they hear or read that it may be dangerous. To control for bias, all studies were done on medically healthy children, aged 6-13 years. The majority of participants (88.9%) demonstrated that self-reported fears increase as children were given violent/dangerous/threatening information about a particular stimulus, irrespective of its actual threat [85, 86, [92] [93] [94] . Simultaneously, it has been found that giving positive information results in a decrease in children's self-reported fear [89, 91] . Similar research on children ages 7-9 years found that when given verbal information about a "monster, "children's fear-beliefs changed. However, these fearbeliefs only changed when information came from an adult [96] . In short, one interpretation of the verbal threat pathway is that fear is induced when an authority figure threatens an individual with a painful experience. In the case of dental fear, painful and/or negative experiences are linked to dental visits. Although perhaps within strict psychological terminology the informative and verbal threat pathways are similar. Within odontophobia the two pathways differ in that the verbal threat pathway occurs when a "visit to the dentist" is literally used as a form of punishment for bad behavior. This does not occur in the informative pathway.
Parental pathway
The parental modeling pathway presents another indirect pathway for fear acquisition that does not require an US. The concept of parental modeling is supported by research [69] demonstrating that in a sample of 40 children between the ages of 9 and 12 years, children's fear was positively related to their mother's dental fear. Specifically, mothers who expressed heightened levels of fear in front of their children were more likely to have fearful children.
Conversely, mothers who did not frequently express fear had less fearful children [69] . These findings are consistent with another study showing that most adults attributed the origin of their fears to informative and vicarious factors occurring in childhood (56% and 39%, respectively) more so than to cognitive model events (37%) [84] . Given that the majority of heightened levels of fear in some children was a consequence of an amalgamation of different learning dynamics [69] , it has been suggested that "fear is more likely to develop as a result of synergistic effects of various sources or origins" [56] . However, one must note that any relationship between parent and child fears may also be due to the informative or vicarious pathways because they are all linked in some way. Again, strict psychological terminology may not necessarily differentiate between the parental and vicarious pathways. However within odontophobia individuals utilizing the parental pathway had their sole influence of odontophobia from their parents' expression of fear, whereas the vicarious pathway is multifaceted. Further investigation is needed to identify criteria for each pathway's application.
MEASUREMENT INSTRUMENTS AND DIAGNOSTIC CATEGORIES OF DENTAL FEAR AND ANXIETY
Measures of dental anxiety (Pre-1990)
The first widely accepted questionnaire for assessing dental fear was the Phobic Origins Questionnaire (POQ). Out of the 10 items, the first 9 required the participant to make a binary Yes/No response [98, 99] . Following the POQ, a 16-item self-report questionnaire referred to as the Origins Questionnaire (OQ) [56, 100] became popular. This measure also examined individuals' history in relation to their phobia [55, 56] . However, as several studies have indicated [56, [101] [102] [103] , the POQ is inherently biased towards conditioning models. It was found that the POQ indicated conditioning was the primary origin for fear 56%-78% of the time, while the vicarious pathway accounted for 17%-42% [104] . Additionally, given that the control group for this research [99] consisted of only analogue cases of mild and low level fear by different researchers [77, [105] [106] [107] , it cannot be confirmed that this research represents the general populations' origins of fear. Numerous other researchers have criticized the POQ, noting that the authors wrongly systematized frightening stimuli to relate to the cognitive model origin, even though no unconditioned stimulus was described by participants [55, 56, 108, 109] . Consequently, the construct validity and convergent validity of the POQ was found to be very poor [55, 56, 100, 101, 103, 110, 111] .
Measures of dental anxiety (Post 1990)
As dental fear can be difficult to define and measure effectively [103, 109] , research began to create a more practical, reliable, and theoretically efficacious dental fear measurement. Research found that the Index of Dental Anxiety and Fear (IDAF-4C+), developed by Jason Armfield presented strong statistically significant correlations with previous measures of dental fear (Corah's DAS, 1969). Armfield's reasoning for creating a new dental fear scale was due to problems with existing scales such as Kleinknecht's Dental Fear Survey (DFS, 1973), Stouthard's Dental Anxiety Inventory Short-Form (DAI-S, 1993), the Modified Dental Anxiety Scale (MDAS, 1995) , and the Hierarchical Anxiety Questionnaire (HAQ, 1999) . Problems associated with these measures were that they were too long, measured fear-related stimuli rather than fear itself, and had poor construct validity [71, 77, 112, 113] . Consisting of 3 modules, each with 8 items, the IDAF-4C+ analyzes emotional, behavioral, physiological, and cognitive responses related to dental fear [66, 113] . Each module uses a Likert scale ranging from 1-5, where 1 represents "strongly disagree" and 5 represents "strongly agree." Utilizing an exploratory analysis, "all items showed good internal consistency (Cronbach's alpha = 0.94) and test-retest reliability at 4 mo review (r = 0.82)" [71, 114] . With regard to phobia diagnoses, positive results were found with regard to the convergent and predictive validity of the IDAF-4C+ when compared to Corah's DAS, Eta 2 = 0.154 and 0.060, respectively [71] .
Diagnostic categories of dental fear
Individuals who are classified as "dentally anxious," tend not to have qualities that can be catalogued. As such, they differ in their origin of fear, specific fear stimulus, age of onset, as well as the bodily reactions and psychological reactions that manifest in response to fear-related stimuli. The etiology of dental fear is wide-ranging and can be attributed to personal traumatic experiences (conditioning) [38] , threats of dental visits as punishment (verbal threat pathway) [86, 93] , and fear through observing pain in loved ones and others (vicarious pathway) to name a few [50, 99, 115, 116] . Moreover, at times, dental fear has been shown to be part of a larger "set" of fears such as arachnophobia and claustrophobia, and fears of mutilation and suffocation. Consequently, there has been debate on whether dental anxiety is a "simple" CS, or a component of a "set" of fears and mood or anxiety disorders [117] . Previous and well documented research has described these two variations of dental fear as exogenous and endogenous [118] . A group of researchers, well known for their clinical experience, developed a richer, more detailed classification system for dental fear. Their system, known as the Seattle System, mirrored the origin and the main stimuli of fear surrounding dental anxiety and phobias [116] . Essentially, the Seattle System can be used to classify individuals with respect to the severity of the psychological phobia relative to dentistry and the dentist as a person, based on a range of mean scores that represent different levels of dental fear. These mean scores have been applied to a number of questionnaires [i.e., DAS, Fear Survey Schedule II (FSSII), Spielberger Trait Anxiety Index (STA), Anxiety Sensitivity Index (ASI), Emotional Control Questionnaire (ECQ), General Health Question-naire (GHQ), Fear of Pain Scale (FPS), and Mutilation Questionnaire (MQ)]. The Seattle System consists of four diagnostic elements: (1) simple CS of specific dental stimuli; (2) anxiety about somatic reactions during dental treatment; (3) patients with a generalized anxiety state and multi-phobic symptoms; and (4) distrust of dental personnel [116, 119] . Despite the fact that the classification was originally designed for pragmatic academic purposes, it has shown to hold some evidence of psychologically valid identifications of dental anxiety subtypes [19] . Of note is the qualitative evaluation component of the Seattle System, which consists of in-depth interviews that give a more thorough understanding of the true multiphobic nature that dental fear can present with [19] . Indeed, subjects with type 4 Seattle fear were further split into 3 subgroups, which met the criteria for distinct uniqueness, internal consistency, and distinct response to treatment type as proposed by earlier researchers [120] . Roughly comparable results were reported three years later utilizing the DSM-III-TR criteria for simple dental phobia (code 300.29-Specific phobia) [121] . However, although the results did not support the theory that the Seattle System corresponds to the DSM-III-TR, as proposed three years earlier [19] , the researchers proposed that dentally anxious subjects should be calibrated for fear using a distinct method that differs from that for psychiatric mood and personality disorders [121] . Then, just before the turn of the century, newly published research brought to light some intriguing facts regarding the Seattle System [119] . Here, it was proposed that the Seattle System was valid from a psychological perspective in addition to being a well-rounded tool for clinical diagnosis (Table 1) . Accordingly, they discovered that some participants in the older age brackets were of type 3 fear (Seattle System), indicating that those with simple phobias are able to recover in time, while those individuals with more complex multiphasic conditions may require psychological treatment [119] .
CURRENT MANAGEMENT TECHNIQUES FOR DENTAL FEAR AND ANXIETY (CBT)
With regard to treatment of dental fear and anxiety, there a number of possible avenues to explore with patients, including pre-treatment anxiety questionnaires, cognitive behavioral therapy (CBT), relaxation therapy, computerassisted relaxation learning (CARL), hypnotherapy (HT), group therapy (GT), individual systematic desensitization (ISD), pharmacological, flooding (implosion), and swallowing relaxation. These forms of treatment are essentially a form of counter conditioning to reverse the fear into a state of acceptance and calm.
Pre-treatment anxiety questionnaires
To date, only one study exists as to general dentists' use of pre-treatment anxiety questionnaires to assess patient anxiety before treatment. A study of United Kingdom dentists reported that only 20% of the dentists surveyed used adult anxiety questionnaires, and only 17% formally assessed children's levels of fear and anxiety [122] . Interestingly the study reported that when treating adults, male dentist used pre-treatment fear surveys more often than female dentist (P < 0.05) [122] . The authors believe that these pre-treatment surveys can help enhance patient care; however it would be interesting to evaluate the current utilization rate of these anxiety surveys and methods to encourage this practice.
Individual systematic desensitization and group therapy
Individual systematic desensitization (ISD) is a behavioral therapy whereby individuals are gradually exposed or incrementally exposed to fearful stimuli. In this process, the individual must first identify and accept the fear-related stimulus; second, the individual must learn to employ a relaxation or coping technique; and finally, the individual must utilize the learned relaxation or coping strategy to react and overcome the fearful stimulus. In 2002, Moore et al [123] compared GT and ISD (as well as HT) and found that after 3 years, 65.5% of patients' with ISD and 69.6% with GT maintained dental appointments (although these results were not significant). In this work, the ISD was a combination of muscle relaxation therapy and video reel exposures (looped) of threatening dental situations and instruments with intermittent tension awareness training and breath control lessons. GT involved groups of patients meeting for seven 2-h sessions led by a dentist, dental assistant, and successful former patient. Video desensitization reels were also played and a final demonstration of injection and drilling was performed at the last session. Unfortunately, Moore et al [123] (2002) did not identify the origin of fear for the participants. Thus, the current results cannot be extrapolated to the pathways and further research is needed.
Flooding/implosion
Flooding is a form of desensitization for treating phobias when the patient has a directly conditioned origin of fear (Origin 2). In flooding therapy, the patient is subjected to repeated exposure of fear-inducing stimuli until they no longer show a fear response, causing termination of the CR [124] . Implosion is used for either indirect conditioned or non-conditioned origins of fear (Origins 1 and 3) that may be imagined. However, the technique of flooding has not been examined in the literature since Mathews et al [125] in 1977. In this work, Mathews et al [126] report that among subjects who attended 2 or more flooding sessions, 48% successfully completed dental treatment 2 mo later. No further investigations appear to have been performed on this technique; this might be due to the highly anxiety-inducing nature of the treatment.
Cognitive behavioral therapy
Cognitive behavioral therapy (CBT) is a psychotherapeutic approach to address dysfunctional emotions and negative behaviors and cognitions using a series of goaloriented sessions. Davies et al [126] (2011) found that of 21 patients offered CBT to overcome their dental fear as opposed to using sedation, 90% continued to be able to attend dental appointments without sedation ten years later. Current research appears to support CBT and relaxation therapy for treatment of directly conditioned fears (Origin 2) [127, 128] .
Relaxation therapy
Relaxation therapy is a diverse set of practices aimed at eliciting a relaxation response, including a reduction in overall physical arousal symptoms. The phobic individual implements a particular mental relaxation technique (e.g., slow breathing, counting, relaxation swallowing) to reduce stress. ten Berge et al [129] (2001) reported that parents play a more secondary role in treatment of child dental fear and anxiety. Results seem to suggest that CBT is more effective but should be combined with parental guidance in treatment of pediatric dental fear. Extrapolating this data, a combination of CBT and relaxation guidance may provide effective treatment of parental modeling dental fears (Origin 1).
Computer-assisted relaxation learning
A recent development in the treatment of dental fear, computer-assisted relaxation learning (CARL) is a selfpaced treatment for dental phobic individuals for treating needle phobia. The program begins by introducing its purpose, followed by activities and videos on how to cope with their fear. The program is based on the theory of systematic desensitization and in a recent study in 2013, researchers compared CARL to information pamphlets (control) in a block randomized study [130] . The authors reported that CARL significantly reduced selfreported general and injection-specific dental anxiety (P < 0.001) [131] . After the intervention, twice as many CARL participants (35.3%) vs controls (17.6%) were comfortable enough to receive an injection though not significant (12 of 34) [131] . Participants' origins of fear were not assessed, thus it cannot currently be determined which pathways were involved, and further research is required. However, as CARL is self-paced, it may perhaps aid in treating patients who wish to learn to cope without therapists, thereby improving access to oral health care.
Hypnotherapy
Perhaps one of the least understood treatments for dental fear is hypnotherapy (HT). HT attempts to create a state of unconscious change, whereby the individual forms new responses, attitudes, and behaviors to previously feared stimuli. Few studies have analyzed the clinical effectiveness of hypnotherapy. In 1995, research reported that when compared to psychophysiological therapies such as CBT, HT did not significantly reduce dental fear [132] . Researchers purported that this was because some people were put off by the concept of hypnotherapy and were not fully receptive to the therapy [132] . Some years later, Moore et al [123] (2002) found that although 54.5% of HT patients were able to maintain regular dental appointments, at 3 years post treatment, there was no difference between the HT, GT, or ISD groups.
Pharmacological
The use of nitrous oxide (NO) and benzodiazepines in dentistry has long been employed to reduce anxiety. NO has often been compared to the effectiveness of CBT and relaxation therapies. For example, Willumsen et al [133] (2001) reported no significant differences between NO and CBT or applied relaxation therapy. They suggested that in the short term, either treatment was effective. Interestingly the study reported a 95% of participants attended rate a year later, with the greatest reduction in dental fear observed in the relaxation therapy group [130] . While all groups reported normal levels of dental fear (as per Corah's DAS) one year later [130] , analysis of benzodiazepines when combined with ISD did not reduce overall therapy time and was not advantageous for treating injection phobia [134] . The studies did note that the results might have been skewed by the fact that each participant' s dental fear might have different origins. Thus, research is required to determine whether certain origins of fear and pathways are more receptive to pharmacological agents than others are.
CONCLUSION
The present article has highlighted the possible types of dental fear, their origins in dentistry and current knowledge on management of patient with fear and anxiety. There is, however, a lack of knowledge of the effects of demographics, causal factors, ethnicity, and treatment modalities relative to the origin and pathways of fear in dentistry. Understanding, the origin of a patient's fears and anxiety could help enhance patient management and care. 
